The influence of water salinity on the hydraulic conductivities of compacted bentonites with several dry densities were studied. The hydraulic conductivity increases with increasing salinity only when the dry density of bentonite is relatively low. The degree of increase becomes more remarkable at a lower dry density of bentonite.
Introduction
A high-level waste repository would be constructed in a crystalline hard rock formation at a depth of several hundred meters below ground surface. In the Korean reference highlevel waste disposal system (KRS) [1] , the repository would be expected to be of room-and-pillar design, and will be a network of access tunnels and disposal rooms with vertical shafts extending from the surface to the access tunnels ( Fig.   1 ). The spent fuels are packed in the disposal canister that consists of an inner carbon steel vessel and an outer copper shell. The canister would be deposited in an array of largediameter boreholes drilled on the floors of emplacement rooms, and the gap between the canister and the wall of the borehole would be filled with a buffer material. The buffer is one of the major components of the engineered barriers in the repository, and is required to inhibit the release of radionuclides from the waste to the surrounding rock. In many countries [2] [3] [4] , the conceptual design for an underground repository in hard rock formation includes the use of compacted bentonite as a buffer material. The KRS will also use the compacted bentonite-based materials as both buffer surrounding waste canister and backfill for tunnels and access shafts (Fig. 2 ). As such a repository would be located below an aquifer, the buffer would be fully saturated with groundwater sometime after closure of the repository. Because of the low hydraulic conductivity and the high sorption capacity of compacted bentonite, molecular diffusion will be the principal mechanism by which radionuclide will migrate through the buffer.
After closure of the repository located in a coastal area, the salinity of the groundwater in the host rock is expected to be increased due to the seawater intrusion. The increase of the salinity might increase the hydraulic conductivity in the buffer and enhance the water movement through the buffer.
The susceptibility of clay to changes in hydraulic conductivity upon exposure to saline water has been an important factor in the design of a containment barrier near a beach and a liner to contain brine. It has been shown by a number of researchers [5] [6] [7] that dramatic increase in hydraulic conductivity may occur when a concentrated salt solution is introduced into a freshwater clay. However the effects of saline water with relatively low salt concentration on the hydraulic conductivity of compacted clay have not been fully understood yet.
This study intends to investigate the possible effects of low salinity of water on the sealing performance of buffer for the high-level waste repository. The results of experimental studies to investigate the effect of salinity on hydraulic conductivity of compacted bentonite with various dry densities are presented, and analyzed based on the diffusive double layer theory. 
II. Materials and Methods

Experimental
The hydraulic conductivity in the bentonite with a dry density of 1.0 Mg/m 3 to 1.8 Mg/m 3 was measured, which is the range of the compaction density for the engineered barrier in the industrial and radioactive waste disposal facility. The bentonite with an initial water content of 14 wt.% was uniaxially compacted to the desired density in the stainless steel cylindrical cell which has an inside diameter of 50 mm and a height of 25 mm or 10 mm depending on the dry density. The compacted bentonite specimen in the cell was rigidly confined in the chamber by using a restraining ram. The permeant was supplied from the bottom to the top of the chamber at a hydraulic pressure of 300 to 1800 kPa depending on the dry density of bentonite (Fig. 3) . Permeants are demineralized water, referred to as freshwater, 0.4 M NaCl solution that is a simulated seawater [9] , and 0.04 M NaCl solution that represents the mixture of freshwater and seawater. The penetrated water volumes were measured by weighing. The hydraulic conductivity was determined when equilibrium was reached. In order to investigate the reversibility of the change of bentonite fabric developed by the intrusion of permeants, two groups of measurements were done for every combination of the dry density of bentonite and the type of permeant. In the first group, saline water is directly introduced into the bentonite specimen, and in the second group, the bentonite specimen was pre-saturated with demineralized water and then saline water was intruded. All measurements were conducted in triplicate.
II Results and Discussion
The influence of the NaCl concentration on the hydraulic conductivity of bentonite is shown in Fig. 4 to Fig bentonite is relatively low. The degree of increase becomes more remarkable at a lower dry density of bentonite. For bentonites with a density of 1.0 Mg/m 3 and 1.2 Mg/m 3 , the hydraulic conductivities of the 0.4 M NaCl solution increase up to about 7 times and 3 times, respectively higher than that of freshwater. However for the bentonite with a density higher than 1.4 Mg/m 3 , the salinity had an insignificant effect on the hydraulic conductivities, and the hydraulic conductivity is nearly constant within the salinity range of 0 to 0.4 M NaCl. There is also no significant difference between the hydraulic conductivities obtained from the first group measurement that saline water is directly introduced into the bentonite specimen and the second group measurement that the bentonite specimen was pre-saturated with demineralized water and then the saline water was intruded. These results might be rather unexpected because such changes of salinity and the pre-saturation of bentonite with demineralized water are expected to lead to large changes of hydraulic conductivity.
It is known that the hydraulic conductivity of bentonite is affected by the fabric of bentonite [10] , and the fabric of bentonite is developed at the time of initial saturation.
Bentonite consists principally of montmorillonite that is a swelling material and thus can take up water between their layers. The unit cell in montmorillonite is silica-Gibbsite-silica, and its interlayer bonding is by van der Waals forces. The bonds are weak and easily separated by absorption of water or other polar liquids. Weakness of the interlayer bond is the reason for the high swelling potential. The negative charge associated with montmorillonite particles is caused by an electric imbalance in their molecular configuration. This charge deficiency is satisfied by cations in the pore fluid and polar water molecular that are adsorbed on the montmorillonite surface. In the dry state, a particle of bentonite resembles a closed book composed of many thin crystalline sheets held together. When the freshwater enters into the particles, the fabric of bentonite comes to resemble a pile of crumpled paper. If bentonite is saturated with saline water, the separation distance between the sheets is small and the bentonite particles remain in the form of a closed book [11] . However the experimental results that the presaturation of the bentonite specimen with demineralized water has no significant influence on the hydraulic conductivity indicate that the change of the bentonite fabric by intrusion of freshwater or saline water seems to be J. Kor. Rad. Waste Soc. Vol. 9(4), p.199-206 Dec. 2011 
where is the dielectric constant, c is the local density of charge which is v + en + v_en_ . and x is the distance from the surface.
For simplicity, v + = v_ is assumed and then n + * = n_ * = n.
From Eq. (1) and (2) 
Then the thickness of the diffuse double layer, l which is the center of gravity of the space charge for the clay system is 
where d is the clay dry density (Mg/m 3 ), • s is the specific 
III Conclusions
The hydraulic conductivities increase with increasing salinity only when the dry density of bentonite is relatively low. The degree of increase becomes more remarkable at a lower dry density of bentonite. For bentonite with the densities of 1.0 Mg/m 3 and 1.2 Mg/m 3 , the hydraulic conductivity of the 0.4 M NaCl solution increase up to about 7 times and 3 times, respectively higher than those of freshwater. However, for the bentonite with dry densities higher than 1.4 Mg/m 3 , the salinity has an insignificant effect on the hydraulic conductivities, and the hydraulic conductivity is nearly constant within the salinity range of 0.04 to 0.4 M NaCl. The pre-saturation of the bentonite specimen with freshwater has no significant influence on the hydraulic conductivity suggesting the reversibility of the change of the bentonite fabric by intrusion of freshwater and saline water. These results will be useful for the optimum design of the high-level waste repository. They are also applicable to the design and reinforcement of low-and intermediate-level radioactive disposal facility and industrial waste landfill site located in a costal area.
